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Biology 13 Summer 2008 Final Exam

This exam has 11 numbered pages
including this cover page and a blank page that you may use for scratch paper.

Please make sure you have 11 different pages.
Be sure to write your name at the top of each page.

-

If you need additional scratch paper, just ask. I have additional blank sheets that you may use.

Confine your answers to the pages on which the questions appear;
if you need more space to write, use the back of the page on which the question appears.

If 'you wish to use a diagram as part of an answer, you may do So,
but make sure that you label all appropriate items in the figure.

There are 100 points total. Good luck.

You have three hours to complete this exam. Please pace yourselves accordingly.

Students taking this exam are expected to abide by the Dartmouth honor principle.
Please read the following statement and sign in the indicated place.

In accordance with the Dartmouth honor principle, my signature below indicates that I submit this.
examination paper as totally my own.
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1. An autosomal VNTR has two alleles: one with two 75bp repeats (2x75), the other with three 75bp
repeats (3x75). The diagram below shows a chromosome with the 2x75 allele (boxes) and the
flanking Haelll restriction sites. The Haelll site with the asterick (*) is polymorphic in the
population where it is always present in the chromosome containing the 2x75 allele and is never
present in the chromosome containing the 3x75 allele.
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a)- Draw a map ot the 3x75 allele. Indicate all Hae/// sites and distances (1n bp) between Haelll
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- b} Two Southern blots were performed on Haelll digested chromosomal DNA, using the probes
shown in the diagram. On the Southem blots below, draw the hybr1d1zat10n pattern for (6 pts):

- a mom homozygous for the 2x75 altele ok
- a dad homozygous for the 3x75 allele DOA S &
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2. The thick line is a piece of genomic DNA. The thin line above the DNA shows the distance between the
elements in base pairs. The arrows indicate the position of primers used for PCR. The D indicates the
position of Dral restriction sites. Inserted at the VNTR position can be 1, 2, or 3 repeats of 50bp.
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There are three alleles in the human population:
Allele #1 - One 50bp repeat and the D" site is missing
Allele #2 — Two 50bp repeats and the D® site is missing
Allete #3 — Three 50bp repeats and both Dral sites are present :
For all six individuals, a DNA fragment is generated by PCR using the primers shown above, the fragment is
digested with Dral and the resulting fragments are visualized using agarose gel electrophoresis {shown below).
The mother is indicated by M, the father by D and the children are numbered 1-4. (14 pts) '
- a} Given the pattern below, indicate the allelic combination for each individual in the boxes given below.
b) If the hatched box indicated were used as probe in a Southern blot, circle the pggds that would be detected.
¢) If there are any conclusions you can draw from this data, please explain them in the space to the side.
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3. Youare studying a disease that exhibits interesting inheritance characteristics and decide to investigate
whether genomic imprinting is involved. You have narrowed down the genomic interval responsible for the
disease to two closely linked genes. A map of the region is shown with exons depicted as white boxes.

b) Based on the data above, you conclude that genomic imprinting in this region is likely. Briefly explain your
reasoning and what specific data allowed you to reach this conclusion. Be sure to include a discussion of
both homologous chromosomes in your answer. {4 pts)
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4. You are studying a gene (YFG45), and you have found that YFG45 mRNA accurmnulates in the heart
but not in the kidney. If the regulation of Y#G45 were transcriptional, would you expect the
- promoter of YFG45 to be sensitive to DNAse I in the heart? Would you expect this in the kidney?
Explain. (4 pts) _—
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5. In bacteria, MerT is an enzyme that makes cells resistant to the toxic effects of mercury. It is
regulated by the protein, MerR. In the presence of mercury, merT is highly expressed. Bacteria
that contain mutations in the merR gene do not express merT and are sensitive to mercury.

a} Is merT controlled by positive or negative regulation? Is the systern inducible or repressible? (2
or TEpTesIOn

pts) . . -
0 _ Mg/f‘ s h@f own  (Womn, and com‘fa//fa’ bx/ nobcv/y. You CI:ZI repress

b) Briefly explain how this regulation is occurring based on what you know about the effects of
inducers or co-repressors on activators or repressors. (2 pts)
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6. Describe the rale
+hetepoperon. (8 pts)
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7. Although attenuation is a relatively common mechanism to regulate the expression of amino acid
biosynthetic pathways in bacteria, it is not used in eukaryotes. Why is this? (2 pts)
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8. When analyzing a cell line you find that the transcription of a copper transporter (CUT1) is induced
under conditions of low intracellular copper. You also isolate a DNA binding protein (Cu-BP) that

binds to both the enhancer of the CUT1 gene and to copper. (10 pts)

a. Would you predict that Cu-BP operates in frans or in cis?

—
(/ D Cu- EF’ sty a,vg/«:?fES dontown.
b. Would you predict that the CUT1 enhancer operates I frans or in cis?

CUTI is dFter all up Cu-B)D%/ILu(f

Describe models for both positive and negative control of the CUT] gene. In your model, be
certain to include a role of the Cu-BP protein, as well as an explanation for low levels of CUT]
transcription in the presence of Cu and high levels of CUT] transcription in the absence of Cu.

¢. Positive control model
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d. Negative control mode]”
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e. Youisolate a cell line with loss-of-function mutation in the Cu-BP protein. How could you use
this cell line to distinguish between these two models?

~ T uJOu—’d. ask the cel/ L /:a/%"/y ’éj
K’% check for a4 S‘Aawecf kgocfe oy O bad wWeoave.

/V
6’ C@/gn{ /M&/ | . e

Vot aa VO
me&

;’1 & ﬂul)




527)77 /%’Vﬂd/ Bio13 - Final Exam August 24,2008 p 7

Name:

8. Describe two different mechanisms by which chromatin can be remodeled for transcription. (4 pts)
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9. Three different versions of the gene that encodes IRE-BP were constructed.

IRE-BP": wild-type copy of the protein
IRE-BP-nobind:  the nucleic acid binding domain is eliminated
IRE-BP-noFe:  the protein can bind nucleic acids but cannot bind iron
A IRE-BP-superFe: the protein can bind nucleic acids but binds iron under conditions of

low iron concentrations

Reverse genetic methods were used to iniroduce the versions of IRE-BP in place of the normal
genomic copies of the IRE-BP gene. Crosses were then done to establish the genotypes listed
below. In each case, indicate whether the levels of transferrin receptor protein and ferritm protein
would be expected to be either high or low under the indicated iron concentrations. Assume that the
IRE-BP is generated in vast excess of transferin and ferrifin mRNA’s (8 points)

“Toy iron High iron |
(' Ferritin ) Transferin Ferritin Transferin
Protein Protein Protein Protein

IRE-BP+/IRE-BP+
IRE-BP-nobind/ IRE-BP-nobind
IRE-BP- noFe / IRE-BP- noFe
IRE-BP- noFe / IRE-BP- nobind
IRE-BP- noFe / IRE-BP+
IRE-BPsuperFe/ IRE-BPsuperFe,
IRE-BPsuperFe/ IRE-BPnobind
[ IRE-BPsuperFe/ IRE-BP + 7
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10. You are trying to study the gene, ¥FG/. In order to examine the function of this gene in mice, you
decide to construct a knockout mouse. Unfortunately, you run into some trouble along the way.
For each of the following scenarios, explain why the mistake you made would be a problem.

Assume that you did everything correctly up until the step mentioned and in subsequent steps. (12
pts)

a) forgot to add gancyclovir when you were generating a knockout mouse but you stil] added
G418. L

-5 aWIBt'guwM p%ﬁ@e&“‘“& ’
b) transfected ES cells from a black mouse and, after selection, inj ectedj&le desired cells into the Lot
blastocyst of a brown mouse. e wwouse 1s KO out
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¢) implanted the blastocyst into a surrogate mother mouse with a chimeric coat,
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I't. Two STR loci were determined to have the follwing allele frequencies in the general population:

STR A STR B
1A: 0.1 1B: 0.4
2A: 0.55 2B: 0.4
3JA; 0.25 3B: 0.2
4A: 0.1 You sunk iy battieshs

A suspect'in a criminal trial was genetically tested for theée loci and found to have the genotype
(TA/1A) for STR A and (2B/3B) for STR B. What is the probability that a randomly sampled

person from the population would have this genotype? Please show your work. (4 pts)

T work
here . ~7

[
12. In her lecture, Dr. Dinulos presented a number of case studies: Tor most of these, what was the first
test she proposed doing? (2 pts) T

FProbaboly the Fist wid-ferm

. Dr. Dinulos explained how genetic testing was different from medical testing and talked about

some of the issues geneticists have to consider when doing genetic testing. Please briefly discuss
-any two issues she mentioned. (4 pts)

The War on Foverty  and the " confliet i G&r713,
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14. In the table below, the B-Gal activity for different strains is given. Based on what you know about

the lac operon, fill in the blank spaces with the potential growth conditions. Use + to indicate that
it was included in the growth medium, - to indicate its omission and +/- to indicate that either

would give the same results. (5 pts)

i

F* I+

Glucose Lactose B3-Gal activity
I+, P+, O+, Z+, Y+ + +/ _ 50
I+, P+, O+, Z+ Y+ % + 500
I+, P-, O+, 2+, Y+ 2 ok . .;,(_ 0
Sxdxbf v,

[+, P+, O°, Z+, Y+/ T 500

Fa O+ + - E [a'LT?Sﬁ
I+, P+, O+, Z+, Y+ +H- - 50

Fs IS -1-' De)"wq('ﬂtﬂ‘
I, P+, O+, Z+, Y+

50

i5. Briefly describe the pathway for female development in Drosophila. (5 pts)
=
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